The aim of this work is to investigate the temperature dependencies both in 
Introduction
The problem of the resistivity anisotropy in the normal state of copper oxide systems has long attracted the attention of researchers. A strong anisotropy of the conducting properties ( 1 / >> ab c ρ ρ films with the c axis perpendicular (orientation (001) [11] ) and parallel (orientation (1 ī 0) [12] ) to the substrate plane were obtained and investigated by us earlier. In [13] with increasing of doping, x , as it was found previously in the La-system (the p-type HTSC) [2] . From the works [2, 13] the conclusion about the correlation of quasi two-dimensionality of the system with the implementation of superconductivity in copper oxide compounds can be done.
Thus the region of the appearance of superconductivity with increasing cerium doping (at 
Materials and method
The superconductor with an electronic conductivity type has a bodycentered crystal lattice and corresponds to a tetragonal T'-phase. Lattice parameters: = = 0.39 nm, = 1.208 nm. As a result of doping and annealing ( 0 → δ ), the crystal structure is a set of 2 CuO conducting planes separated by a distance of = 2 = ⁄ 0.6 nm in the direction of the axis [14] . The compound has pronounced two-dimensional properties -including quasi-twodimensional character of the carrier transport.
We have synthesized SrTiO / CuO Ce Nd In the process of pulsed laser deposition, an excimer KrF laser was used with a wavelength of 248 nm, with an energy of 80 mJ/pulse. The energy density at the target surface was 1.5 J/cm 2 .
The pulse duration was 15 ns, the repetition rate of pulses was from 5 to 20 Hz. Further, the synthesized films were subjected to heat treatment (annealing) under various conditions to obtain samples with a maximum superconducting transition temperature. X-ray diffraction analysis (Co-K radiation) showed that all films were of high quality and were single crystal.
The optimum annealing conditions were as follows: films were carried out in the Quantum Design PPMS 9 and in the solenoid "Oxford Instruments" (Center for Nanotechnologies and Advanced Materials, IFM UrB RAS). The electric field was always applied parallel to the SrTiO 3 -substrate plane. Depending on the type of samples we were able to measure the temperature dependences of the resistivity in the conducting planes of 2 CuO and between planes (along the c axis).
Experimental results and discussion
The results for both in-plane, ab 
where n is the concentration and τ is the relaxation time of the carriers. Let us represent the total scattering probability in the form ℏ = ℏ 0 + ℏ , where ℏ 0 ⁄ describes the elastic scattering probability due to impurities and ( ) is the inelastic scattering time responsible for the temperature dependence of the in-plane resistivity. Then we have
with (0) = 2 0 being the residual resistivity and ∆ ( ) = 2 ( ) .
In a paper of Kontani et al. observed by them, is generated by electron-e1ectron (e-e) scattering in a two-dimensional metal,
For electron-electron scattering in a three-dimensional (3D) metal the 2 T dependence of the zero-field resistivity should take place [17] . For a two-dimensional (2D) metal the 2 T law is modified by a logarithmic correction [21] and the dependence of Δ ( ) takes the form:
Seng et al. [20] and also Tsuei et al. [22] , in a first step, fitted a The solid lines in Fig. 1 are the best fits of Eqs (2) and (3) Table 1 .
The conclusion is that temperature dependence of zero-field resistivity ( ) in the normal state is generated by electron-e1ectron scattering and that the good fit to the logarithmically 
with the values of activation energy A ε given in Table 1 . The effect of incoherent interlayer transport on the resistance of a layered metal was theoretically considered by McKenzie and Moses [7] wherein the Fermi surface appearance relevant to coherent and incoherent interlayer transport in a quasi-two-dimensional system was presented.
If the transport between layers is coherent then one can define a three-dimensional Fermi surface which is a warped cylinder. For the incoherent interlayer transport a Fermi surface is defined only within the layers ("a stack of pancakes" ) and the interlayer conductivity is determined by the interlayer tunneling rate (see FIG. 1 in [7] ).
In [7, [25] [26] [27] proportional to the tunneling rate between just two adjacent layers and can be represented in the following form (see, for example, [7, 25] and references therein):
where = ℏ 2 ⁄ is the density of states for unit area at the Fermi energy of the twodimensional conducting planes.
In the simplified model of square barriers of the height ∆ , the tunneling matrix element c t can be calculated as
where r0 is a radius of carrier localization, which is less than the distance between adjacent 2 CuO planes, and
Thus the c -axis resistivity for the tunneling process is found to be
with const A = . The second equality in the right side of Eq. (7) can be obtained by expressing τ / 1 in terms of ab ρ using Eq. (1) (see [25] for more details on the relation of
Giura et al. [27] proposed the model for the ( ) based on a submission that the crystal structure along the c axis induces a stack of energy barriers between the nearly two-dimensional sheets where the carriers are mostly confined ( For the first mechanism Giura et al. adopted the model introduced in [7, 25 -27 ] (see Eqs (5) or (7)) which describes the transport across a barrier trough incoherent tunneling process. For the second term, they used the general expression for thermal activation across the barrier:
where β is a prefactor which may be weakly dependent on temperature.
The overall c -axis conductivity is then obtained as the combination of both contributions:
In Fig. 1 we have described the behavior of c-axis resistivity at 300)K -(100 T = by the empirical dependence ( ) ~1⁄ in accordance with the Ito et al. approach [1] . As far as it is known no theoretical models have predicted such a behavior of the out-of-plane conduction in high-c T copper oxides.
We have attempted to describe the high-temperature part of ( ) dependencies in the framework of the Giura et al. [27] model with the help of Eq.(9). Using expressions (7) and (8), we have found:
with ( ) = 0 ( ), 0 = ⁄ and = 2 �2 ℏ 2 ⁄ , where the formula (6) for c t is used. Figure 2 shows the experimental dependencies of ( ) ≡ 1 ( ) ⁄ , as well as the best fitting of these curves by the expression (10) with the adjustable parameters 0 , and ∆ (see Table   1 ).
The possibility of describing the experimental ( ) dependence at 100K T > by the activation law (8) Fig. 2a, b, c) .
It is seen from Table 2 that the values of ∆ , found from the fitting procedure, decrease with increasing of x .This pattern is understandable if we take into account that, in the spirit of the Giura et al. model [27] , the barrier height ∆ in Eq. (8) [27, 28, 29] , we can consider the disorder, that is undoubtedly inherent in this system (the chaotic impurity potential), as a cause of the temperature dependence of c t [30] .
Then in Eq. (5) we have
where δ is the spread of electron energy in the wells due to the fluctuations of ∆ values, the same as in the one-dimensional Anderson model. The first factor in (11) (overlap integral) determines the dependence of the transition probability between the layers on the barrier height, and the second one leads to a nonmetallic temperature dependence of the conductivity at low temperatures (analog of the conductivity within the impurity band of semiconductors [30] ). As For the 2D diffusion coefficients along ( ∥ ) and across ( ⊥ ) the layers (see [26] , and references therein) one has: ∥ = 2 2 ⁄ and ⊥ = ( 2 /2)( ℏ ⁄ ) 2 , where l is the mean free path in the ab -plane. For the anisotropy coefficient of resistivity we then find:
and
and under incoherent tunneling conditions ≪ ℏ.
Thus, the strong anisotropy of the resistivity in the We emphasize (see Fig.1 ) that low-temperature anisotropy coefficient is maximal for (2), (3), (4) and (10) to the corresponding experimental data.
⃰ The values from a fitting of ( ) by Eq. (8).
